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Abstract 
Despite the seriousness of the problem, the city government does not wield much power in its attempt to reduce exhaust gases. 
While vehicle emissions are the main source of local pollution, they have regional environmental consequences. So far, localized
measures to address regional smog are far from effective. This paper explains that local efforts are confined by economic 
interests and priorities that lie within the jurisdictional boundaries which find addressing local air pollution through limiting car 
ownership and use as politically unacceptable. Also, incomplete pollution data in China in general makes it difficult for city 
officials to come up with targeted and innovative approaches that can bring additional emission reductions. The paper further 
argues that without a strong and direct commitment to radically reducing current levels of vehicle-based pollution through a set
of complementary behavioral modification measures, continued reliance on temporary technical fixes is likely to exacerbate the 
urban air pollution problem.  
© 2016 The Authors. Published by Elsevier B.V. 
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1. Introduction 
Driven by the advent of rapid motorization in the 1990s, major cities in the Pearl River Delta are increasingly 
beset with a new type of air pollution problem associated with the emission transition process. This pollution mix is 
characterized by a steady and steep upward trend of vehicle emissions, and it is further exacerbated by existing 
industrial emissions that remain a substantial source of air pollutants in the urban centers. The blending of these two 
major types of pollutants has resulted in a region-wide photochemical smog formation; hence an increased number 
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of days in which cities are shrouded in smog.  Because China’s current economic development strategies generally 
favor the use of private vehicle transport, vehicle emissions will continue to be a growing and rampant source of air 
pollutants in rapidly motorizing cities. 
A set of vehicle emission control measures, if effectively implemented, combined with an induced decline in car 
travel demand, can decrease total emissions. However, the path to realization of these control measures is not 
necessarily straightforward. Using a single-case case study approach, this paper examines the effectiveness of the 
policy measures in Guangzhou, the provincial capital city of Guangdong Province and located in the Pearl River 
Delta. Guangzhou is chosen because it represents a unique case in which the city government has simultaneously 
strived hard to create a robust automotive sector as one of its major pillar industries and has pioneered the use of 
various vehicle emissions control measures in the PRD region. In such circumstances, the single case study approach 
could help determine the magnitude of these ostensibly contradictory forces of economic growth and environmental 
protection in affecting the efficacy of implementation of various vehicle emission control measures in Guangzhou. 
This paper strives to highlight first the nature of the vehicle emission control policy and second the localized 
measures to achieving the stated policy objectives of improving urban air quality and public health. The third section 
delves into the problems of localized measures to control vehicle emission as most city officials are just doing it 
without aiming at it. Data are gathered from Chinese-language newspaper articles, scholarly journals, national 
census and statistical yearbooks, and interviews with government officials at the Guangzhou Environmental 
Protection Bureau. 
2.0 Vehicle emission problems and their corresponding measures in Guangzhou 
Guangzhou has one of the highest densities of vehicle population and constitutes a large share of China’s 
automobile market (Figure 1). The automotive industry has been declared as one of the city’s three major pillar 
industries since the announcement of the “Ninth Five-Year Plan of Guangzhou (1996-2000)”. Its advanced 
automotive industry is also indispensable to the national automotive development and has rendered Guangzhou to be 
one of the most important automobile manufacturing bases in China. 
Back in the 1980s and early 1990s, the building of an automotive industry in Guangzhou was regarded by critics 
as a dream as the city lacked personnel, technology, and capital. It was only in 1997, when Guangzhou secured a 
joint-venture agreement with the Japanese automotive enterprise of Honda, could the local industry come to 
existence.1 Since the millennium, the gross output value generated from the automotive industry has been blooming 
both in its amount and its annual growth rate. By 2006, the city’s automotive industry has already replaced the other 
two pillar industries—petrochemical and electronic industries—and became the major vehicle for industrial growth 
in Guangzhou.2,3
Fig. 1 Map of Guangzhou
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2.1. Vehicle emission control policy in Guangzhou since the late 1990s 
The causal factor behind the rise of vehicle emissions in urban areas has been the increase in the demand for car 
travel in Guangzhou. An environmental report currently released by the Guangzhou EPB, vehicle exhaust has 
replaced the industrial sector to become the principal contributor (~22%) to health-threatening PM2.5 concentration 
in urban areas.4 This upward trend in vehicle emissions points the finger at a variety of practices: the number of 
repeat trips made between destinations, the length of vehicle distances involved in trips, and the number of vehicles 
involved in trips.  
Vehicle emissions control has received city-wide attention since 1998 when the city government decided to 
pursue the “National Environmental Protection Model City” program (MCP), which was launched by the Ministry 
of Environmental Protection (MEP) one year earlier.5 In March 1998, the city’s Planning Commission declared the 
city to be the country’s first mega-metropolis pursuing the national environmental protection model city recognition. 
A city will be honored as a “Model City” when the city has fulfilled all the requirements listed in the 26 MCP 
assessment indicators.6 The city’s effort to expedite the improvement process was intensified in 2005 when the city 
government formulated nine key planning objectives to steer the city’s environmental performance towards 
fulfilling all of the 27 MCP indicators. Seven key environmental projects were implemented to help achieve these 
objectives.7 Among the seven projects, one project, known as the “Blue Sky Project”, was dedicated to controlling 
urban emissions. This project was consisted of five sets of measures which were invariably aimed at reducing SO2
emissions. Vehicle emissions were the focus of the second set of measures. The “Blue Sky Project” has galvanized 
the city government into undertaking a host of command-and-control measures focusing on three particular aspects 
of the auto-centered transport system—vehicle, fuel and traffic. Some early achievements included the successful 
switch to using LPG by public buses and taxis, improved compliance rate of the road-side vehicle emission 
inspection program, and the approval obtained from the State Council in granting an early implementation of 
national emission standard III (NIII) in the city.8   
Secondly, the environmental labeling systems were implemented in 2009 in an attempt to restrict the number of 
high-emission in-use vehicles from plying the urban areas. Vehicles registered in or outside of Guangdong to obtain 
a color-coded environmental label issued by the provincial EPB. Owing to the technical constraints in the inspection 
and maintenance (I/M) and scrapping programs, this labeling system can, to a large extent, encourage the 
elimination of old vehicles systematically. Since 2007, all in-use vehicles in Guangzhou have been asked to obtain 
environmental tags that are categorized according to the national emission standards met.9 Those that belong to pre-
NI will be given yellow labels and those that comply with stringent emission standards will be given green labels—
which are further subdivided into NI, NII, NIII, and NIV types. All high-polluting yellow-labeled vehicles will be 
prohibited from entering the city proper by the end of 2016.10
2.2. Progress of today  
Despite more than two decades’ effort, ambient air quality does not show a marked improvement. From figure 2, 
only the concentration level of SO2 has significantly lowered during the 10-year period. Other vehicle-emitted 
pollutants such as PM2.5 and PM10 continue to be a nuisance in the urban areas. The city’s annual concentration 
levels of PM2.5 averaged at 49 µg/m3 in 2014 (Figure 2). This is four times higher than the standard limit 
recommended by the US EPA.11 In addition, high ground-level ozone (O3) concentrations have been observed along 
with the vehicle emissions of ozone precursors—NOx and VOC. Altogether, these pollutants are chemically reacted 
in the presence of sunlight. Subsequently, the number of smog days in Guangzhou has spiked. Smog incidence was 
particularly acute in the period of 2004 to 2008 when the number of smog days often exceeded 100 days (Figure 3). 
While the city is currently having few smog days, the concentration levels of particulates and O3 are persistently 
high. What, then, explains the differences in the emission reduction levels of the air pollutants?  
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Fig. 2 Annual average concentration levels of PM10, SO2, NO2, and PM2.5 in Guangzhou, 2004-2014 (µg/m3)12
    
3. DEMYSTIFYING PERSISTENT VEHICLE EMISSION PROBLEMS 
The priorities and focus of the control measures have not been determined in a direction which helps to make 
significant progress towards the reductions of vehicle emissions. At present, the vehicle emission problems in the 
city are managed by technical fixes that are centered around the parameter of “per vehicle emission reduction”. As 
the city government has expressed its intention not to restrict the growth of motor vehicles in the near future, some 
EPB officials who are keen to improve the urban air quality have expressed increasing frustration over the sluggish 
progress over vehicle emissions control.13 
3.1. Greater incentives to developing automotive industry 
 Held back by political, economic, and legislative hurdles, the city government and officials have reticence in 
stretching their ability to formulating and implementing effective measures. First, the conflict between different 
policy goals has negated the chances of proper formulation of the policy output. This type of conflict is manifested 
in the tension between the political need to formulate vehicle emissions control policy and the economic imperative 
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to develop a strong automotive industry. As a result, the importance of the link between vehicle emissions and 
public health impact is not duly appreciated in the directives of the local EPB. 
It is striking to note that, from the perspective of the city’s EPB officials, all of these measures have been 
introduced not for the purpose of achieving an overall reduction of emissions to minimize health threats, but for the 
purpose of creating some “additional capacity” in the local sink (i.e., the city’s atmosphere) to absorb the emissions 
generated by the newly added population of vehicles”.14 At present, the political commitment to formulating 
effective vehicle emission control policy is believed to cripple the city’s overt agenda to develop its own automotive 
manufacturing center, or the “Detroit of the East”. The jurisdictional capacity to expand it local automotive industry 
is further strengthened by the national government who has long approved of explosive automotive growth in cities.  
Given the lucrative gains associated with economic development, any emission control measure that may hurt 
economic growth or contradict the city’s urban expansion efforts thus has received little support from the pro-
growth city mayors or the party chiefs. In other words, the city government remains adamantly opposed to 
restricting vehicle ownership and use as it is deemed politically unacceptable and contradictory to the national 
economic priority. As a way to defend for the growth of the local automotive economy, the city mayor claimed that 
“newly produced vehicles” and “vehicles on the roads” were two different issues: Even if Guangzhou should limit 
the number of automobiles, the city could not prevent vehicles registered in outlying areas from entering the city 
proper.15 In reaching to the traffic problem brought on by the growing vehicle fleets, the mayor declared that he did 
not want to dissuade people from buying vehicles, he would instead encourage them to drive their cars only on 
weekends.16
Another case in point is the launching of “Car-Free Day”. This program is voluntary in nature and was first held 
on 22 September 2008 in Guangzhou. Originated in France, the objective of “Car-Free Day” is to encourage the 
public to use greener and more sustainable transport modes other than the automobiles. More importantly, top-level 
city government officials (i.e. city mayors and party chiefs) — the “First Hand” men (yibashou)—are required to 
take part in the event in order to set a good example for the public. For some unknown reasons, the city failed to join 
the national “Car-Free Day” campaign first introduced in 2007. Local media have dismissed this annual nationwide 
program as a cosmetic compromise.17,18 In fact, while the public has been asked to drive less, no yibashou has taken 
the lead in taking public transit to work. Nor governmental departments have been asked not to use government 
vehicles on that day.19 Although this program is voluntary-based, the lukewarm response displayed by the municipal 
authorities tends to suggest a weak commitment to reducing automobile dependence. 
3.2. Repackaging existing policies in vehicle emission control policy 
Apart from interests and priorities at the city administrative level, a lack of a science-driven and comprehensive 
policy for controlling vehicle emissions to inform the local policymakers of the major characteristics of such a 
problem for policy formulation purposes is commonplace in China. Unlike other agencies of the world, the city’s 
EPB has not produced an emission inventory to inform policymakers on the structural composition of vehicle 
emissions—the types of pollutants involved and the sources of these pollutants, such as the types of vehicles and the 
types of fuel used by the vehicles. Although it is commonly accepted that vehicle emissions have become a major 
contributor to urban air pollution in major Chinese metropolitan regions, the actual shares of specific types of 
vehicle emissions in total urban emissions have remained unclear. For instance, while local newspapers have 
constantly stated that vehicle emissions are responsible for 46% of total air pollution in Guangzhou, EPB officials 
have confessed that they did not know how, and why, such a figure was generated. According to these officials, the 
figure may be incorrect because not every part of the city was subject to the same degree of impact and because the 
data, at best, would only be applicable to the old urban core districts. Lacking information about the basic question 
at hand also casts doubts on the appropriateness of existing selection of policy measures to achieving the stated 
objectives. 
At present, any control of the vehicle emissions is dressed up as a means to achieve the reduction target for SO2
emissions. However, the relationship between vehicle emissions and SO2 emission, as revealed in scientific studies, 
is relatively remote. Relative to stationary sources, which rely on solid and liquid fuels, motor vehicles are a 
relatively small source of SO2.20 Results of both international and local research support this claim. For instance, in 
1998, transportation accounted for 98% of CO emissions, 36% of PM10, 81% of NOx, 40% of VOCs, and only 21% 
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of all SO2 emissions in rapidly motorizing Mexico City.21 National-level research on vehicle emissions conducted in 
1995 suggested that motor vehicles in both Beijing and Guangzhou contributed to more than 80% of CO emissions 
and about 40% of NOx emissions.22 With the introduction of increasingly stringent limits on sulfur content in 
gasoline and diesel, SO2 emissions from vehicle fuels are supposed to have posed a much lower threat to urban 
ambient air quality.  
Recent research has identified that China is the largest NOx emission country in Asia, contributing to 41-57% of 
Asian NOx emissions.23 In particular, vehicle NOx emissions are estimated to account for about 30% of national 
anthropogenic NOx emissions.24 However, the actual degree of the city’s air pollution problem associated with 
vehicle source has been downplayed. The problem was particularly acute after the national authorities decided, in 
2000, to replace NOx with NO2 as one of the key parameters for measuring urban air quality.25 Since 2000, the 
concentration level of NO2 has complied with the class II national ambient air quality standards (GB3095-1996) 
(NAAQS). The highest recorded NO2 level, at 73 µg/m3 in 2004, was found to be lower than the national threshold, 
NO2 level is being measured against a relatively less stringent standard than that set up for measuring NOx in the 
past. With NO2 replacing NOx as one key monitoring parameter, therefore, the actual magnitude of NOx pollution 
and the nationwide NOx emission control have been masked.26, 27 In addition, the relatively upbeat NO2 data reported 
in Guangzhou is misleading the public into believing that the city’s air pollution problem is not as serious as it 
would have been the case if NOx has remained a key indicator. It is only by 2011 that the MEP announced in its 12th 
Five-Year Plan (2012-2017) a 10% cut of NOx emissions by 2015 has been set as a mandatory target for the period 
of 2011-2015.28 This adjustment came as wisdom with hindsight as national NOx emissions were increased by 5% to 
8% annually despite improvement in SO2 emission reduction during the previous 11th Five-Year Plan period (i.e. 
2007-2012).29 The statistics made the national authorities realize that simply assessing the “traditional” SO2
pollutant is insufficient to tackle PM2.5 and O3 pollution. 
4. Bridging the gap 
As determinants to motivate consumers to acquire a privately-owned vehicle—rising disposable income and 
falling vehicle costs—have become more favorable, a new lifestyle has been created in which more people are 
getting used to driving. Nonetheless, this huge demand for travel has dramatically transformed the air quality in the 
city, particularly in a period when a full-fledged public transport system has yet to be developed. In addition, as 
most manufacturing industries have relocated outside of the urban core, air pollution now mainly comes from the 
automobiles, buses, taxis, and freight vehicles that are competing for a limited amount of physical space. 
The findings have shown that vehicle emissions have been on the environmental protection agenda, but it is not 
always the case that the formulation of policy measures genuinely and adequately serves the purpose of vehicle 
emission reduction, hence urban air quality improvement. Also, the measures so far implemented have to be 
amenable to other government parties such as the city mayor. However, as building a strong local automotive 
industry remains a political and economic priority, this is largely in conflict with the stated objectives which strive 
for better environmental quality. 
Air quality improvement gains made through the implementation of these measures can be quickly offset by the 
increases in total emissions that result from rapidly growing vehicle numbers and rapidly rising levels of vehicle 
kilometers travelled. In this view, it is imperative for Guangzhou to shift from passively “controlling” per vehicle 
emissions to actively “reducing” total volume of vehicle-emitted pollutants. Recently, local reduction targets for 
industrial and vehicle-emitted pollutants such as SO2, NO2, PM10, and PM2.5 have been set, aiming to achieve a 
substantial improvement in urban air quality. These targets are included in the city’s action plan to prevent and 
control air pollution (2012-2016). This action plan was formulated in parallel with the MEP’s newly promulgated 
NAAQS of 2012 (GB3095-2012). The new NAAQS has introduced more stringent limits for PM10 and NO2 for the 
annual average. To ensure the new standards protect public health, both PM2.5 and O3 are officially regulated.30 The 
new NAAQS are expected to replace the existing NAAQS upon its nationwide implementation in 2016.31
Guangzhou was one of the cities required to implement the new standards in 2012, four years ahead of the national 
timeline. Currently, the city is confident that its short-term reduction target could be attained by 2017 when annual 
average PM2.5 concentration is expected to be dropped by 20% against the base year of 2012.32
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Since 2012, the Air Quality Index (AQI) has replaced the two-decade old Air Pollution Index (API) in 
Guangzhou upon the release of the new NAAQS. In the past, the use of API has led to frequent confusion among 
public in making sense of the actual air quality. O3, though included in the national air quality standards, virtually 
eluded the API monitoring system. Worse still, PM2.5, a precursor of smog not included in the national air quality 
standards, also evaded the monitoring system. As a consequence, the frequent occurrence of smog has resulted in a 
significant inconsistency between smog data and the EPB’s statistics on the number of days with excellent or good 
air quality.33 The new AQI, which for the first time includes both PM2.5 and ozone, serves as a more robust indicator 
of air quality in informing the public the local air quality and the associated health effects. These new measures 
suggest that the scope of environmental concern and monitoring network has been broadened to cover PM2.5 and O3
concentration levels. Nonetheless, local emission control measures do not necessarily achieve PM2.5 and O3 co-
improvement as they are solely PM2.5-based and are not significant in lowering O3 non-attainment rate that is largely 
plaguing the city and the entire PRD region.34 
EPB official at the provincial level have begun to bridge the implementation gaps via reviewing the provincial 
urban quality monitoring system jointly with the Meteorological Bureau of Guangdong Province.35 The provincial 
EPB also, for the first time, calls for the setup of a regional agency towards managing an increasingly regional and 
health-threatening problem of air pollution.36 In order to show support for policy actions taken at the provincial 
level, local policymakers should make adjustments in current vehicle emissions control delicately and flexibly. 
Back at the city level, the city government has been dedicated to promote one form of sustainable transportation 
mode: public road and rail transport system. However, travelling by public transport is intermodal by nature, while 
automobile use offers door-to-door transport. Therefore, without other complementary measures that effectively 
modify travel behavior, passengers will continue to opt for individual cars. It will also be difficult to increase the 
length of distances travelled by public transport modes.  
So far, the municipal authorities of Guangzhou are still very reliant on technological development, a 
straightforward and “politically acceptable” way to address negative environmental impacts of mobility activities. 
With rapid and remarkable economic growth, the city can definitely afford the new technologies to “decouple” 
mobility and emissions.37 Improvement in fuel efficiency and invention of new generation of cars powered by 
renewable fuel sources are the two common means to help reduce emissions per passenger or kilometer travelled. 
5. CLOSING REMARKS 
Controlling the increasingly health-damaging vehicle emissions in China has been particularly difficult due to the 
vast size of its urban population and rapid paces of motorization and urbanization and economic growth. This paper 
has used Guangzhou as a case to discuss the implementation problems that are compounded by local immediate 
interests and priorities that are in contradiction to vehicle emission control effort. In addition, the centrally-mandated 
air quality management framework and incomplete set of pollution inventories at the city level are not adequate to 
inform realistic targets to reduce vehicle emission. As a result, theses encourage or justify the use of easy or overly 
localized fixes that do not necessarily aim at vehicle emission control.  
Until recently, a silver lining has come in the nation’s fight against pollution. The revised environmental 
protection law has focused more on capacity buildings and awareness-enhancing efforts to expand the scope of local 
officials’ horizon of concern beyond short-term economic gains. With such, these should change the perceptions, 
concerns and priorities at the city level and effectively bring in practical urban development policy intervention. 
City officials who are aware of the potential, necessity of addressing vehicle emission as well as the risks of not 
doing so would be more keen and committed to a long-term two-pronged approach to restrain the growth of the 
demand for automobiles. At present, limiting car ownership has been in place since 2012 in Guangzhou and other 
cities such as Beijing but this locally-mandated measure more intends on curbing traffic congestion and does not 
yield a genuine change in mobility culture. More practical solutions would be to implement land use planning 
strategies such as mixed use development, job-housing balancing and expansion of bicycle right-of-ways and 
pedestrian sidewalks will help slow down trip frequencies, reduce the reliance on the use of automobiles and hence 
ease the pace of increase in vehicle kilometers travelled. Clearly, these measures call for a more radical change 
through adopting a different lifestyle. Such a change in lifestyle will result in alternative forms of production and 
consumption, hence mobility cultures and travel behaviors. 
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